Tuberculosis (TB) affects humans and other animals and is caused by bacteria from the 36 Mycobacterium tuberculosis complex (MTBC). Previous studies have shown that there are at 37 least nine members of the MTBC infecting animals other than humans; these have also been 38 referred to as ecotypes. However, the ecology and the evolution of these animal-adapted 39 MTBC ecotypes are poorly understood. Here we screened 12,886 publicly available MTBC 40 genomes and newly sequenced 17 animal-adapted MTBC strains, gathering a total of 529 41 genomes of animal-adapted MTBC strains. Phylogenomic and comparative analyses confirm 42 that the animal-adapted MTBC members are paraphyletic with some members more closely 43 related to the human-adapted Mycobacterium africanum Lineage 6 than to other animal-44 adapted strains. Furthermore, we identified four main animal-adapted MTBC clades that 45 might correspond to four main host shifts; two of these clades are proposed to reflect 46 independent cattle domestication events. Contrary to what would be expected from an 47 obligate pathogen, MTBC nucleotide diversity was not positively correlated with host 48 phylogenetic distances, suggesting that host tropism in the animal-adapted MTBC seems to 49 be driven more by contact rates and demographic aspects of the host population rather than 50 host relatedness. By combining phylogenomics with ecological data, we propose an 51 evolutionary scenario in which the ancestor of Lineage 6 and all animal-adapted MTBC 52 ecotypes was a generalist pathogen that subsequently adapted to different host species. This 53 study provides a new phylogenetic framework to better understand the evolution of the 54 different ecotypes of the MTBC and guide future work aimed at elucidating the molecular 55 mechanisms underlying host specificity. 56 57 58 86 Soolingen et al. 1994) but has since then been isolated from many different host species 87 including humans (van Ingen et al. 2012). Thus, the actual host range of M. orygis remains 88 ill-defined (Malone et al. 2017). Similarly, for many of the animal-adapted members of the 89 MTBC, only a few representatives have been isolated so far (e.g. only one in the case of the 90 chimpanzee bacillus), limiting inferences with respect to the host range of these microbes. 91 Moreover when studying host tropism, it is important to differentiate between maintenance 92 hosts, in which the corresponding MTBC members traverse their full life cycle, including the 93 transmission to secondary hosts, and spillover hosts, in which the infection leads to a dead 94 end with no onward transmission (Malone et al. 2017). For example, M. tuberculosis sensu 95 stricto is well adapted to transmit from human to human (Brites et al. 2015) and is 96 occasionally isolated from cattle (Ameni et al. 2010). However M. tuberculosis sensu stricto 97 is avirulent in cattle (Whelan et al. 2010, Villarreal-Ramos et al. 2018) and transmission from 98 an animal back to humans is extremely rare (Murphree et al. 2011). Conversely, M. bovis is 99 well adapted to transmit among cattle and does occasionally infect humans, mainly through 100 the consumption of raw milk (Muller et al. 2013) or close contact with infected cattle, but 101 transmission of M. bovis among immuno-competent humans is similarly uncommon 102 (Blazquez et al. 1997).
Introduction 59
Tuberculosis (TB) remains a major concern both from a global health and economic point of 60 view. With an estimated 10.4 million new human cases and 1.7 million fatalities every year, 61 TB kills more people than any other infectious disease (WHO 2014) . Moreover, bovine TB is 62 responsible for an estimated US$3 billion annual economic loss in livestock production with within-host frequencies between 90% and 10% and genomes for which the number of 162 within-host SNPs was higher than the number of fixed SNPs. Additionally, we excluded 163 genomes with average coverage lower than 15x (after all the referred filtering steps). All 164 SNPs were annotated using snpEff v4.11 (Cingolani et al. 2012) , in accordance with the M. 165 tuberculosis H37Rv reference annotation (NC_000962.3). SNPs falling in regions such as 166 PPE and PE-PGRS, phages, insertion sequences and in regions with at least 50 bp identities 167 to other regions in the genome were excluded from the analysis (Stucki et al. 2016) . SNPs 168 known to confer drug resistance as used in (Steiner et al. 2014) were also excluded from the 169 analysis. Customized scripts were used to calculate mean coverageper gene corrected by the 170 size of the gene. Gene deletions were determined as regions with no coverage to the reference 171 genome. To identify deletions of regions and genes absent from the chromosome of H37Rv 172 (e.g. RD900) unmapped reads resultant from the previous mapping procedure were mapped 173 with reference to M. canettii (SRX002429) annotated using as reference NC_015848.1, 174 following the same steps described above. 
Results and Discussion
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Genome-based phylogeny reveals multiple animal-adapted clades 207 208 We assembled a total of 851 whole-genome sequences covering all known MTBC lineages 209 and ecotypes. These included 834 genomes published previously, as well as four M. orygis 210 genomes, two dassie bacillus genomes, eight M. microti, two M. bovis and one M. caprae 211 newly sequenced here ( Supplementary Table 1 ). We used a total of 56,195 variable single 212 nucleotide positions extracted from these genome sequences to construct a phylogenetic tree had to occur at least twice. Alternatively, if this common ancestor was already animal-249 adapted, it had to jump back into humans during the emergence of Lineage 6. A slight 250 modification of this latter scenario would see the RD7-10 common ancestor as a generalist 251 capable of infecting and causing disease in multiple host species, which was followed by a 252 host-specialization of the different ecotypes. The generalist notion could be further extended 253 to the evolution of the MTBC as a whole. According to the most common view, the MTBC 254 8 emerged as a human pathogen (Brosch et al. 2002 , Mostowy et al. 2002 , Smith et al. 2009 ).
255
This notion is supported by the fact that except for the lineage defined by deletions in RD7-256 10, all other MTBC lineages are human-adapted (Brites et al. 2015) . Moreover, all known M. 257 canettii isolates have been obtained from human TB patients (Supply et al. 2013 ), suggesting 258 that the common ancestor of all the MTBC was able to cause infections in humans. However 
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Another important characteristic of clade A1 is the absence of the region encoded by RD1 in 266 M. mungi, M. suricattae, the dassie bacillus ( Supplementary Table S2 ). RD1 encodes proteins 267 that are essential virulence factors for MTBC in humans (further discussed below). Our data 268 confirm that M. mungi, M. suricattae, the dassie bacillus all have deleted the region 269 corresponding to RD1. This deletion is not present in the chimp bacillus suggesting that RD1 270 might be essential for virulence in primates as proposed previously (Dippenaar et al. 2015) .
272
The animal-adapted MTBC Clade A2 273 274 Similar to Clade A1 that comprises pathogens adapted to wild animals, Clade A2 consists of et al. 2006 , Muller et al. 2009 , Copin et al. 2014 , Malone et al. 2017 , and thus we will 354 not discuss these in any further details here. One exception is the deletion RD900, which has Lineages 1, 5 and 7, which on their own formed very distinct groups. Lineage 6 appears 387 closer to the animal MTBC but separated from clade A1. Interestingly, despite a clear 388 separation between the human-adapted and animal-adapted MTBC (except for Lineage 6), 389 PC1 contrasts more prominently the different human-adapted lineages than the different 390 animal-adapted ecotypes (Figure 4) .
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As a measure of genetic diversity, we estimated the mean nucleotide diversity per site (π) of 393 human versus animals isolates. The estimates indicate that two randomly picked human 394 isolates differ on average by 0.0345% nucleotide differences (95% CI: 0.0337%-0.0352%) 395 whereas animal isolates differ on average by 0.0313% (95% CI: 0.0305%-0.0321%). Despite 396 non-overlapping confidence intervals, the difference between both π estimates is very small 397 (0.003%) indicating that the genetic diversity which has emerged within animal and human 398 MTBC is of similar magnitude. The estimates of π reflect both the diversity within each 399 lineage/ecotype, as well as the diversity between lineages/ecotypes, resulting from older 400 evolutionary events leading to the emergence of the latter. Whereas our sampling of the 401 human MTBC reflects both pre-and post-lineage diversification reasonably well, the animal 402 MTBC samples are most likely a poor representation of the genetic diversity resulting from 403 diversification processes within each ecotype, with the possible exception of M. bovis (Figure   404 3). We thus compared the raw SNP differences among one random representative of each 405 human and animal-adapted MTBC lineage and ecotype ( Figure 5 ). The SNP differences 406 accumulated in the different human-adapted lineages can be as high, or even higher than the 407 genetic differences that separate MTBC strains infecting a broad taxonomic range of mammal 408 species other than humans. Thus host-specificity in the MTBC cannot be easily explained 409 only by quantitative genetic differences among the different animal-adapted MTBC ecotypes.
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In the light of the fact that in the MTBC, as in other bacteria, genomic variants caused by Table 2 ). Some of those deletions, e.g. RD1 and RD5, have been shown to 419 impact virulence in different ways (Lewis et al. 2003 , Dippenaar et al. 2015 2018). In the case of RD1 and RD5, the deletion events seem to have occurred independently There are several reports about animal-adapted members of the MTBC infecting humans, 511 wild and domestic animals, but an overarching analysis of all information available is 512 required. In this study, we have combined all available information about animal-adapted 513 MTBC strains and expanded it by sequencing more animal-adapted MTBC strains gathering 514 the most comprehensive whole genome dataset of animal-adapted MTBC to date. We have 515 used genomic analysis to elucidate the evolutionary history of the animal-adapted MTBC and 516 have confirmed that the former are paraphyletic and that at least four different main clades 517 can be defined. The phylogeny presented together with the known host range would be 518 compatible with two realistic scenarios during the evolutionary history of the non-human 519 MTBC, both involving more than one host jump. One scenario would present the ancestor of 520 the group including L6 and all animal-adapted clades as a generalist capable of infecting a 521 wide group of mammals, and different host adaptations would have occurred thereafter. An 522 alternative scenario proposes that the ancestor of L6 and animal-adapted MTBC was adapted 523 to humans, and subsequent host jumps lead to the host specificity of the four clades. 524 We found no correlation between genetic diversity of the pathogen and the phylogenetic 525 distance of the host, as animal-adapted MTBC strains are not more diverse in average than 526 human-adapted strains. Based on the current known host-ranges and geography of the 527 animal-adapted MTBC, we propose that host expansion has been driven to a great extent by 528 host geographical proximity, i.e. by contact rates among different species of mammals, and 529 by high host population densities rather than by host genetic relatedness. 
